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Abstract

This paper presents the results of the researck vedated to the removal efficiency
from wastewater organic pollutants and suspendkdissat HSSF (horizontal subsurface
flow) construcred wetland. The average effectiverssfined as loss of value COD in
wastewater has reached 77%, for BOB0% and TOC - 82%. The effect of seasonal
temperature changes and the period of plant vegetand rest on the effectiveness of
wastewater treatment were also analyzed. The sesfithe presented research showed a
decrease in the efficiency of removing organicyttalhts from wastewater and suspended
solids in the autumn and winter. During the vegetathe object in Matyszyn has been
characterized by the effectiveness of wastewatatrrent at the level of 78% for COD,
82% for BOD, and in the non-vegetation period the effectivertess decreased up to
75% for COD and 74% for BOD During the plants growth the total suspension was
removed in 88%, whereas during the plants reatieffcy of removing lowered to 69%.

Keywords:  wastewater treatment, constructed wesland

1. INTRODUCTION

The hydrophyte method of wastewater treatment idi@ogical process
occurring in a ground-water environment with papttion of heterotrophic
microorganisms and water plants, or the so callgdrdphytes. Wastewater
treatment in these systems is a result of intesaifin of mechanical, chemical
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and biological processes that occur in a naturdlvegetable and water
environment.

The process of biological wastewater treatmenh Witgrophytes depends on
the plants used, their root range, type of sub#siporosity and the depth of the
sector on which the process is run as well as ohnieal parameters such as
hydraulic load, wastewater holding time, compositiand concentration of
organic substances in wastewater. Removal of wadstesade by sorption,
biochemical oxidation-reduction reactions as weallas a result of biological
activity of soil microorganisms and hydrophyterqta The speed with which
organic wastes decompose depends on environmentdbr$, such as:
temperature, reaction and oxygen contents [17].

In the wetlands ecosystem organic substancesrgatha result of a continuous
wastewater inflow, plant mass increase, occurr@fceead organisms and the
undergoing biomechanical transformations.

According to Mausbach and Richardson [15] an ingurtcondition of an
organic substance transformation is water arrangeinea macrophyte bed. If
the sail is flooded or water saturated, then theagdine is located close to the
ground surface. Organic substance that is formeth fdead parts of plants
accumulate in the surface layer. If the wastewigtezl! is at least 30 cm below
the surface, then accumulation of organic substaixaimilar to the one that
occurs in dry soils and organic compounds undeegokac decomposition.

So far it has been proved that reed beds with boté sub-surface flow HF-
CW provide good conditions for organic substanceagleas well as for
denitrification process [8].

According to Cooper et al. very good results hagerbobtained for removing
organic substance expressed in BCGIhd suspended solids from such beds.
Frequently, however, nitrification process doeooour due to a limited amount
of oxygen [5]. Effectiveness of removing suspens@md organic substance
from wastes expressed in B@Bnd COD in HF-CW facilities have been well
evidenced as shown in book references by Vymazalg2, 25, 26, 27], Brix [2,
3], Obarska-Pempkowiak [9, 16, 17] among others1Ap0 The hydrophyte
facilities under analysis were noted for their higkier 90% of effectiveness in
removing total suspension. Similarly, the effeatiess of removing organic
substance was high and for B@iDvaried from 71.5% to 94.1% and for COD
the value was from 59.7% to 89.0%.

According to the research made by Bucksteeg [4h amalyzed operation of 80
reed bed wastewater tretament plants, the effewas of watsewater treatment
expressed by a decrease in the B@bd COD value was high and reached 95%
and 50% of total nitrogen was removed from wastewat
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Schierupet al. [20] when evaluating operation of several Danigdrbphyte
wastewater treatment plants noted a high, from &0%0%, decrease of the
BODs value whereas the amount of total nitrogen remdvweh wastes varied
from 6% to 57% and the total phosphorus removedomisin 9-10%.

The information collected by Brix [2] for 104 magpito/te bed with horizontal
sub-surface flow shows the possibility of loweritige value of BOBR in
wastewater by 85%, removal of suspensions by 8884l nitrogen by 42% and
the total phosphorus by 34%.

According to Fidrysiak [7] the effectiveness of sgwater treatment reached:
for BODs-97%, COD-93%, suspended solids 82-99%, total géno56-83%,
ammonium nitrogen 62-88% and the total phospho6u823%.

Soroko [21] also indicates a very high efficiendyastewater treatment in the
model reed beds. The effectiveness of watsewadatnent expressed by a
decrease in the BQDralue reached 94-96%, removal of suspended sbiids
60%, total nitrogen 50-62% and the total phosphwras in 95-98%.

Studies also carry constructed wetlands Dune andidyr¢6], Kadlec and
Wallace [11], Reddy and DelLaune [18], Bergier [1].

The objective of the paper is assess to the reneffialency from wastewater
organic pollutants expressed in COD, BQDOC and suspended solids in
constructed wetland in Malyszyn. Also analyzed thiect of seasonal
temperature changes and the period of plant vegetand rest on the
effectiveness of wastewater treatment.

2. MATERIAL AND METHODS

The tests were carried out in a constructed wetlaitidl horizontal sub-surface
flow located in the Lubuski region in the town of MalgszThe facility was
designed for 1300 PE and commissioned in April 19B8e surface of the
HSSF is 3800 fmand it is planted with reeddhragmites australis) The
hydraulic load surface of the deposit is 0,08mA-d. In accordance with design
assumptions the root pond’s bottom and its slopedabe sealed using clay.
The arrangement of sealing layers is the following:

— clay layer of thickness of 40 cm,

— gravel and boulders layer of thickness of 40 cm,

- soil and sand layer of thickness of 40 cm.
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Fig. 1.The profile of the reed bed

After mechanical treatment in a 3-chamber septik t@astewater is directed to
a distribution well located just before the deposiien, in a filter layer, the
wastewater is distributed by means of perforatelé pgpelines evenly across
the whole width of the deposit. The root pond haesaangular shape with the
width of 40m and the length of 95m. After the wasiter leaves the hydrophyte
bed it goes through a collecting pipeline to aexihg well and then through a
drainage ditch it reaches stabilization the pomasfanally the collector.
For testing the wastewater samples was collectetlye& weeks from June,
2005 until July 2006. For testing the wastewatenas was collected every six
weeks from June to July of the following year. Wéagiter samples were taken
from a drain located at the place where wastewfsders into the hydrophyte
bed and from the collecting well located at thecplavhere water flows out of
the treatment plant. The research covered summerdp@rom 1 April to 30
September) that corresponded to the vegetatioogeand winter period from 1
October to 30 March (post-vegetation period).
The wastewater samples were taken in accordanteRMNtISO 5667-10:1997.
The contents of pollutans was determined in thesmexl wastewater samples
was analyzed in time-proportional samples takeh &&o hours for one day.
The scope of physical-chemical analyses of sewageples included the
characterisation of:
- pH - potentiometrically by means of an ion-selextielectrode in
accordance with PN-90-C-04540.01:1990,
— Temperature - potentiometrically (when sampling),
— Chemical oxygen demand, COD - with the potassiwrhrdimate method, as
per PN-74/C-04578.03, PN-ISO 6060:2006,
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— Biochemical oxygen demand, BOD5 - with the manoimeatrethod, using
the OxiTop Control OC110 measurement system mad&/ By,

— Total organic carbon, TOC - using the Analyzerltotganic carbon TOC-V
CSN device by Shimadzu,

— Total suspended solids - gravimetric method usirembrane filters, in
accordance with PN-EN 872:2005.

3. RESULTS

The pollutants concentration ranges in the influgastewater as well as in the
treated wastewater were illustrated by the box pleiphs made for BQJ)
COD, total organic carbon and total suspended sdkdy. 2). A narrow area
between the upper and lower quatrtile in the orgaoitutants graphs means a
big homogeneity of pollutants concentration in theated wastewater having
rejected 25% of the lowest and 25% of the highedtues. As far as the
untreated wastes are concerned, there were obisevaieviating from the rest
of the data. It was found that they occurred ineJand could have been caused
by influent distillery wastewater from the Resea@dmtre in Malyszyn.
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The average values of organic pollutants expregs&ZioD, BOD, TOC and
total suspended solids are shown in Tab. 1.
COD in the wastewater reaching the hydrophyte bedllated from 544 to
3906 mgQ@/dn? (the average of 1259.8+1015.8 méid’), whereas the COD
for the treated wastes was from 122 to 624 gWy@ (the average of
244.6+161.4 mg@dnt).

Table 1. Physico-chemical composition of mechahjided¢ated wastewater and treated

wastewater
COD BODsg TOC TSS
mgQ,/dn? mgQy/dm’ mgC/dm mg/dn?
mechanically 1259.841015.8 705.84515.2 | 589.4+546.0| 543.4+759.7
treated wastewater 872* 583.0* 350.7* 276*
treated wastewater 244.6+161.4 134.5+120.8 79.3+42.9 58.2+49.7
180* 90.9* 59.8* 47*

*median

Fig. 3 illustrates COD values of the mechanicakated and treated wastewater
including the efficiency of removing COD from waseger during the
successive months. In the period under analysietfi@ency of lowering this
value was from 72 to 91% (the average of 77%). t€keresults for January and
April showed a decrease in the wastewater treateiiciency to 61%, which
proves the effect of temperature on operation dftyhyte facilities.
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Fig. 3.The concentrations of COD and Bgibwastewater inflow and outflow
of HF - CW

The tests showed that B@In wastes reaching the constructed wetand was

from 270 to 2098 mg@dn?. The average values of B@Dwas reached
705.84515.2 mg@dn® (Tab. 1). A very high value of BQDIn the untreated
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wastewater was noted in June and was 20982fdg€) As far as the value of
BODs in treated wastewater is concerned, it was fronin2369 mgQ’dm3 (the
average of: 134.5+120.8 mg@nr). During the period under analysis BOD
wastewater was removed from watsewater in 80% @rage. The greatest
efficiency in lowering BODR in watsewater was obtained in the period from
May to July (83-93%). In the period from January April the efficiency
dropped to the level of 54+56%.

The total organic carbon concentrations in wastemfws into the hydrophyte
bed were from 203 to 790 mgC/difFig. 4). The exception was a wastewater
sample collected in June in which the TOC value ®@48 mgC/drh The
average concentration of total organic carbon m itifluent wastewater was
589.4+546.0 mgC/di{Tab.1).

The value of TOC in treated wastewater was fromtat@d70 mgC/dr (the
average of: 79.3+42.9 mgC/dm In the period under analysis the average
efficiency of lowering TOC from sewage was 82%. Theatest efficiency in
lowering total organic carbon in watsewater wasawi®d in May and June
(92% and 93%). The lowest efficiency was obtained\pril (64%) and July
(72%).
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Fig. 4. The concentrations of TOC and total suspdreblids in wastewater inflow
and outflow of HSSF

The concentrations of the total suspension weredand ranged from 88 to
2622 mg/dm (Fig. 4). On average, the total suspension contanthe
mechanically treated wastewater was 543.4+759.7dmig/In the treated
wastewater the suspension content oscillated betvide and 155 mg/din
whereas the average value was 58.2+49.7 myg/@uring the period under
analysis suspended solids in wastewater was renfovsdwatsewater in 83%
on average.
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The tests showed, that the values of contaminatoncentration in the
wastewater samples collected in June were sevienak thigher than in the
samples collected in the other months. High valuds contamination
concentration in the wastewater reaching the HS®Fdould have been caused
by the inflow of the distillery wastewater or by arcorrect operation of the
primary settling tank.

4. DISCUSSION

The effectiveness of removing organic substanddatyszyn was high and for
BODsit was 80% and for COD was 77%. In 1994-2000 y#aesefficiency of
organic pollutants expressed in COD was lower - 52%d for BOR 58%
[10,19].

Wastewater biodegradability can be assessed ogrthumds of the COD/BOP
guotient. According to Kutakowski wastewater is riduto be biodegradable if
COD/BODy quotient were from 1.5 to 2.5 [14]. The valuestlié quotient in
the wastewater flowing into the reed bed in Malysayere from 1.3 to 2.5
which means that the wastewater is biodegradable.

In the treated wastewater the content of easilydigjoadable compounds is
decreasing, whereas the amount of compounds wigichnepose with difficulty
remains almost constant. This causes that the \adltiee COD/BOLR quotient
increases to approximately 4+6, and even above 2(t3,14].

The COD/BOLR quotient determined for the treated wastewaterthn
constructed wetand in Matyszyn accepted the valigea 1.3 to 6.0. In June
and July the COD/BOPquotient varied from 3 to 6, which speaks foroad)
biodegradability of wastewater. In the other montihe values of the
COD/BOD; quotient in the treated wastewater were belowt8ckvspeaks for a
poor effectiveness of biological wastewater treatim&he reason for this may
be overloading of the hydrophyte bed with wastewatéts clogging.

Since the beginning of the plant operation seveealsonal drops in treatment
efficiency have been spotted. The test results sbaivat wastewater treatment
efficiency lowers in winter, thus it depends on pemature.

When analyzing the efficiency in removing organicbstances from
wasterwater in HSSF in Matyszyn the research foaudthat it decreases 12%
lower pollutant removal efficiency when temperatgets lower. Changes in the
efficiency of removing organic substances expressedOD, BOLQ and TOC
from wastewater depending on temperature are shrowigure 5.
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Fig. 5. Removal efficiency of organic pollutantsH8SF depending
on temperature

The lowest efficiency of organic substance remoavas noted from January to
April, that is in the period with lowest temperautn October, despite the low
average monthly temperature, although the effigiesicwastewater treatment
was high.

The seasonal temperature changes are strongly dedneith changes in the
periods of the hydrophyte reed bed vegetation asi-yegetation. During the
vegetation period (from April to September) the temperature in the area of
the constructed wetand in Matyszyn was from 8.23®°C. The wastewater
temperature was close to the air temperature amnedvaiom 8.3 to 21.9°C.
During the post-vegetation season from Octobel timti end of March the air
temperature varied from -5.6°C to 10.6°C, wherehse temperature of
wastewater oscillated from 5.8 to 13.1°C. The ayerair temperature
determined for this period was 1.5°C, the averagstewater temperature was
8.9°C.

The efficiency of removing contamination from waséter expressed in COD
and BODR in hydrophyte facilities during both the vegetatias well as post-
vegetation periods obtained as a result of the f@stformed and referred to in
the bibliography are shown in Table 2.
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Table 2. Physico-chemical composition of mechahjide¢ated wastewater and treated
wastewater

The effectiveness of pollutants removal, %
Vegetation period Non-vegetation period
COD BODy COD BOD,
Matyszyn . . N N
(own research) 62+92 56+94 62+87 54+88
Kalisz i Satbut, 1996 70+91 78+94 46+85 44-83
Tuszyhska i Obarska
Pempkowiak, 2006 63.5 71.9 61.4 70.3

During the reed growth period removal of organiatemination stayed at 78%
for COD and 82% for BOP During the post-growth period the efficiency of
wastewater treatment lowered to 75% for COD and #@980D:.

The efficiency of wastewater treatment noted inydayn were comparable to
the data provided by Kalisz and Satbut [12]. Ththexs investigated the three
objects on a technical scale constructed wetlamial marizontal subsurface flow
of sewage (Tab. 2). During the vegetation period Wastewater treatment
efficiency was from 70+91% for COD and 78+94% foDBs. While in the
post-vegetation season then lowered to 46+85% foDGnd 44+83% for
BOD:s.

The test results are also confirmed by the obsensteferred to by Tusagka
and Obarska-Pempkowiak [22]. The authors indicéitadin the HF-CW bed in
Wieszyno, being the first step of treatment, théiciehcy of removing
contamination from wastes varied depending on tkasen. During the
vegetation period the average efficiency was 63f6#6COD and 71.9% for
BODs, whereas in the post-growth period it decrease®1@d% and 70.3%
respectively.

The tests performed in constructed wetand in Mglyshowed that the biggest
difference between the vegetation and post-vegetgieriod were noted for the
total suspension. During the plants growth thel mi@pension was removed in
88%, whereas during the plants rest efficiencyeafoving lowered to 69%.

The test results showed a lower efficiency in reimgwvotal organic carbon
during the vegetation (82%) period than during pestetation period (84%).
The percentage efficiency of waste water treatmexs lowered by the samples
collected in April, the results that were classifees the results of the vegetation
period, however, low temperatures at the time kead very low efficiency in
removing TOC from wastewater.
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5. CONCLUSIONS

The presented test results are a basis for theufation of final conclusions:

» Research has documented a high removal efficieh@rganic pollutants
and total suspended solids in subsurface flow cocigtd wetland during
the research period.

» The average effectiveness of removing organic patiisfrom wastewaters
expressed in COD was 77%, BOD 82%, TOC - 82%, and total
suspension - 83%.

 The test results confirm observations made by ttieroauthors, that
seasonal temperature changes affect the efficiendy removing
contamination and total suspension from wastewater.

« The efficiency of removing organic substances frarastewater also
depends on the vegetation and post-vegetationgearid decreases in the
plant post-grow period.

 During the vegetation period the efficiency of tmeg@ wastewater
expressed in COD and B@vas: 78 and 82% respectively and during the
post-vegetation period the efficiency was slightier: 75% for COD and
74% for BOD.

» The biggest difference between the vegetation arsi-yegetation period
were noted for the total suspension. During thentglagrowth the total
suspension was removed in 88%, whereas duringlémisprest efficiency
of removing lowered to 69%.

REFERENCES

1. Bergier T.: Effectiveness of soil derivatives removal frotormwater
treated by the experimental constructed wetlandsbied semi-technical
scale Archives of Environmental Protection, 37(4), (2DX5-84.

2. Brix H.: Treatment wetlands on overvieMiedzynarodowa Konferencja
Naukowo-Techniczna, Gdak 1995.

3. Brix H.: Plants used in constructed wetlands and their fionst in: 1st
International Seminar on the use of Aquatic Macybed for Wastewater
Treatment in Constructed Wetlands, edit. Dias Vymezal J. Lisboa,
Portugal 2003, 81-109.

4. Bucksteeg K.Treatment of domestic sewage in emergent helofigds -
German experiences and ATV - Guidelines H, 262Constructed Wetlands
in Water Pollution Control, edit. Cooper P.F., Ratdr B.C. Pergamon
Press, Oxford, United Kingdom 1990, 505-515.



80

Anita JAKUBASZEK, Zofia SADECKA

10.

11.

12.

13.

14.

15.

16.

17.

Cooper P.F., Job G.D., Green M.B., Shutes R.BHeed Beds and
Constructed Wetlands for Wastewater TreatmeWRc Publications,
Medmenham, Marlow, UK 1996.

Dunne E.J., Reddy K.R.Phosphorus biogeochemistry of wetlands in
agricultural watersheds in: Nutrient Management in Agricultural
Watersheds: A Wetland Solution, edit. Dunne E.@dd¥ K.R., Carton O.T.
Wageningen Academic Publishers, Wageningen, Théedends 2005,
105-119.

Fidrysiak J.: Oczyszczalnie gtinne, a gospodarka wodnaiekowa w
gminach wiejskichOczyszczalnie trzcinowe wedtug technologiigkiej in:
Hydrobotaniczne  metody  oczyszczaniasciekow.  Ogodlnopolskie
Towarzystwo Zagospodarowania Odpaddéw ,3R”, Towdrggsna rzecz
Ziemi 1998, 5-12.

Gajewska M., Obarska-Pempkowiak HAptyw konfiguracji i zasilania
obiektow hydrofitowych na efektywdousuwania zanieczyszazeVll
Ogodlnopolska Konferencja Naukowa, Ustronie Morg0€5, 1-12.
Gajewska M., Obarska-Pempkowiak 120 lat dowiadcze z eksploatacji
oczyszczalni hydrofitowych w Polsc&®ocznik Ochrony Srodowiska,
Wydawnictwo Srodkowo-Pomorskiego Towarzystwa Naukowego Ochrony
Srodowiska, 11 (62), (2009) 875-888.

Jakubaszek A., Ptuciennik-Koropczuk BMptyw okresu eksploatacji na
efektywn&¢ pracy oczyszczalni hydrofitowej w Malyszynigeszyty
naukowe Uniwersytetu Zielonogorskiego, 148 (28)1@) 73-106.

Kadlec R. H., Wallace S. DIreatment WetlandsSecond Edition, CRC
Press, Taylor & Francis Group, Baca Raton, Lond\aw York 2009.

Kalisz L, Satbut J.Wykorzystanie makrofitow do oczyszczajuigkow w
tzw. oczyszczalniach KkorzeniowycHnstytut Ochrony Srodowiska,
Warszawa 1996.

Klimiuk E., tebkowska M.: Biotechnologia w ochroniesrodowiska
Wydawnictwo Naukowe PWN, Warszawa 2008.

Kutakowski P.: Metody oznaczania wskakOw zanieczyszoze
organicznych w wodzie §ciekach. Chemiczne zapotrzebowanie tlenu.
Materialy seminaryjne, Politechnika Krakowska, Kiek2002.

Mausbauch M.J., Richardson J.Biogeochemical processes in hydric soll
formation. Current topics in wetland biogeochenyisi(1994), 68-128.
Obarska-Pempkowiak H.:Oczyszczalnie Hydrofitowe Wydawnictwo
Politechniki Gdaskiej, Gdask 2002.

Obarska-Pempkowiak H., Gajewska M., WojciechowskaHydrofitowe
oczyszczanie wod dciekow Wydawnictwo Naukowe PWN, Warszawa
2010.



THE EFFECTIVENESS OF ORGANIC POLLUTANTS REMOVAL IN CONSTRUCTED 81
WETLAND WITH HORIZONTAL SUB-SURFACE FLOW

18.Reddy K.R., DelLaune:Biogeochemistry of wetlandsScience and
Applications, CRC Press, Taylor &Francis Group, 8deaton, London,
New York 2008.

19.Sadecka Z.: Ocena efektywndoi pracy wybranych oczyszczalni
hydrobotanicznychOchronaSrodowiska, Wroctaw 2003, 13-16.

20. Schierup H.-H., Brix H., Lorenzen BWastewater treatment in constructed
reed beds in Denmark - State of the amt Constructed Wetlands in Water
Pollution Control, red. Cooper P.F., Findlater BRérgamon Press, Oxford,
United Kingdom 1990, 495-504.

21.Soroko M.:Efekty oczyszczanigiekdw na zigach trzcinowych w okresie
ich wpracowania Miedzynarodowa Konferencja Naukowo-Techniczna,
Gdaisk 1995.

22.Tuszyhska A., Obarska-Pempkowiak HAplyw substancji organicznej na
natlenienie i efektywré usuwania zanieczyszaze zta@ach hydrofitowych
Wydawnictwo Politechniki Gdaskiej, Gdask 2006.

23.Vymazal J.:The use of sub-surface constructed wetlands fotemeder
treatment in the Czech Republic: 10 years expeéericological
Engineering 18, (2002) 633-646.

24.Vymazal J..Removal of phosphorus in constructed wetlands hdtizontal
sub-surface flow in the Czech Republtvater, Air and Soil Pollution:
Focus 4, (2004) 657-670.

25.Vymazal J.:Horizontal sub-surface flow and hybrid constructgdtlands
systems for wastewater treatmeBtological Engineering 25, (2005) 478-
490.

26.Vymazal J..The use of constructed wetlands for wastewatetrreat in the
Czech Republid-ocus on Ecology Research, Nova Science PubdisNew
York 2006, 175-196.

27.Vymazal J., Kropfelova LWastewater Treatment in Constructed Wetlands
with Horizontal Sub-Surface Flgwspringer, Environmental Pollution 14,
(2008).

ADDITIONAL INFORMATION

The tests were carried out with the financial supgmm the Ministry of
Science and Higher Education under the researamqier’s project N N523
558538.



82 Anita JAKUBASZEK, Zofia SADECKA

EFEKTYWNOSC USUWANIA ZANIECZYSZCZEN ORGANICZNYCH
W OCZYSZCZALNI HYDROFITOWEJ

Streszczenie

W pracy przedstawiono wyniki batladotyczice efektywnéci usuwania zesciekéw
zanieczyszcze organicznych w oczyszczalni hydrofitowefSrednia skuteczrio
oczyszczania wyeana jako obrienie wartéci ChZT w sciekach byla na poziomie
77%, dla BZE 80%, a dla OWO 82%. Analizowano rowni@ptyw sezonowych zmian
temperatury oraz okresu wegetacji i spoczynkglimona skuteczn& oczyszczania
sciekdbw. Wyniki bada wykazaly obnienie efektywnéci usuwania zanieczyszaze
organicznych zeciekOw wyraonych przez ChZT i BZJ oraz zawiesiny ogélnej w
okresie jesienno-zimowym. W okresie wegetacyjnymiekto w Maltyszynie
charakteryzowat siefektywndcia oczyszczanidgciekéw na poziomie: 78% dla ChZT,
82% dla BZT, a w sezonie pozawegetacyjnym skuteézndegta obnieniu do 75% w
przypadku ChZT oraz 74% dla BZTZawiesina ogolna w okresie wegetacji trzciny
usuwana byta w 88%, a w okresie powegetacyjnym %.69

Stowa kluczowe: oczyszczanieiekéw, oczyszczalnie hydrofitowe

Editor received the manuscript: 11.12.2014



